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20. ABSTRACT (Continued)

~These same data have been compared with nearly simultaneous phase scintilla-
tion data from the Wideband satellite. The power-law index of the phase scin-
tillation data varies with perturbation strength in exactly the same manner
as does p;. With realistic propagation model parameters, the scintillation-
inferred perturbation levels can be made to match those measured in-situ.
However, the long-accepted unity separation between the in-situ and phase
spectral indices is not observed. This discrepancy is attributed either to

shortcomings in the theory or to lack of temporal/spatial comnarability of
the two measurenrents.
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SUMMARY

Radiowave scintillation has been a continuing concern for DNA because
of its adverse effects on transionospheric communications in both natural
and nuclear-disturbed environments, The Wideband satellite experiment
was designed to, and already has, clarified several aspects of both the
morphology and the propagation channel characteristics of ionospheric

scintillation. {

One of the specific objectives of the Wideband experiment has been
to establish the connection between ionospheric density irregularities
and the radiowave scintillation that they produce. The theory predicts

that in a power-law environment the phase scintillation spectrum is a

direct two-dimensional mapping of the three~dimensional irregularity
spectrum, but this has never been effectively demonstrated. With this
goal in mind, an analysis of in-situ data from the AE-E satellite has been
carried out in a manner consistent with the Wideband analysis, These data
provide an unambiguous one-dimensional measure of the medium scale density
irregularities during strongly disturbed, nighttime equatorial spread-F

conditions.

The analysis has verified the power law form of the in-situ density
spectrum, with an average spectral index close to that measured by cther
experimenters. In addition to this expected behavior, however, we have
found an apparently new result: a systematic decrease in the power-law
slope with increasing turbulence level. This dependency of the slope on
perturbation level of the in-situ irregularity spectrum has important

ramifications both for nuclear phenomenology ard propagation prediction.

A similar decline of phase spectral index with increasing disturbance
has been observed for some time in the Wideband data, but had previously
been attributed to diffraction effects, Now, the effect seems to reflect
a true in-situ characteristic. In fact, the phase spectral indices for

the same period of time as the AE-E observations show almost identical

behavior as the density spectra.




By using a spectral approach and propagation theory based on a
common turbulent strength parameter, the one-dimensional in-situ and
two-dimensional phase spectra can be related. In practice, however, the
very different orbits of the two satellites make such comparisons diffi-

cult. Nonetheless, the in-situ turbulence levels are consistent with

those inferred from the Wideband data.
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I INTRODUCTION

Electron density irregularities in the ionosphere are observed over
a vast range of spatial scales. At one extreme are the thousands-of-
kilometer scale perturbations associated with tidal motions and planetary-
scale waves. At the other are meter scale irregularities presumably
associated with diffusive (ion gyroradius) or electrostatic (drift wave)
mechanisms. Between these limits, and extending over at least three
orders of magnitude in scale size, is a spatial scale regime over which
the irregularity size distribution can be characterized as power law
[Rufenach, 1972 ; Dyson et al., 1974; Phelps and Sagalyn, 1976; Crane,
1976; McClure et al., 1977; Fremouw et al., 19787.

In this report we consider the central portion of this irregularity
power-law regime--the kilometer through hundreds-of-kilometer portion,
as measured by two quite different methods. One measurement is a one-
dimensional sampling of the irregularity structure: low spatial resolu-
tion in-situ density from the Atmospheric Explorer-E satellite (AE-E).
The second measurement is two-dimensional: multifrequency scintillation
from the DNA Wideband satellite. The spectral range of the in-situ data
corresponds to scale sizes larger than a few kilometers, which overlaps
the low frequency end of the Wideband phase scintillation spectrum as

illustrated in Figure 1.

Two weeks of data are analyzed from a period for which AE-E was over
Kwajalein Atoll in the equatorial Pacific, at times roughly coincident
with the Wideband observations, The measurements correspond to a local
time and season when the irregularity onset and evolution are dominated
by the Rayleigh-Taylor instability (see Ossakow [19797 and the references

cited therein).

In Section II, the in-situ data are first characterized in terms of
the spectral density function (SDF) of density fluctuation. Using a

three-dimensional spectral model and generalized geometry and anisotropy,
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FIGURE 1 COMPARATIVE SPATIAL SCALES OF AE-E AND WIDEBAND MEASUREMENTS

the measured perturbation strongths are related to their corresponding
three-dimensional turbulence strengths. In Section III, the same ap-
proach is taken with the scintillation data so that the results of two

methods of measurement can be compared.

The most important finding from these data is a systematic variation
of the power-law spectral index. From the AE-E data, the median value
of the spectral index is slightly less than 2. However, the spectral
index varies wmonotenically from values larger than 2 to values signifi-
cantly smaller than 2 as the perturbation strength increases. A similar
trend is present in the spectral index of the Wideband satcellite phase

scintillation data.
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IT IN-SITU ANALYSIS AND RESULTS

During late July and early August 1978 the AE-1 satellite was
activated over Kwajalein Island (9°24'N, 167°28'E) for a number of
nighttime orbits. The data that follow are from the thirteen of those
passcs that encountered significant ionospheric disturbance, These

observations were made from 0800 UT to 1400 UT or 2000 LT to 0200 1T.

Am-ng tlhic instruments aboard AE-E is the ion drift meter described
by Hanson and Heelis [1975], from which angle-of-arrival information can
be gleaned (for example, McClure et al., 1977). Also available from
the drift meter is log ion density--the data we have used in this study,
The spaccecraft system loses some log density data ecach fraction of a
sccond during drift mecasurcements. This loss of data produces a compli-
cated pattern of missing points,; however, by interpolating over a span
of only approximately 1/50 s, it is possible to produce a record of log
ion density with an effective 3-Hz sample rate, At the satellite veloc-
ity of ~ 7.7 km/s, this velocity corresponds to a sample every ~ 2,6 km
along the satellite path., By comparison, the high spatial resolution
data from the retarding potential analyzer (c.g., McClure et al., 1977)

arc sampled at ~ 30 m.

Figure 2(a) is a sample of the log density data over Kwajalein,
For this particular pass, and for most of thosce during the two-weck
period, the satellite was below the F-region peak, as observed on iono-
gram records, at an altitude of 372 km. This record, which shows the
signatures of distinct, isolated plasma bubbles, is typical of the AE-E
data tor the more stvongly disturbed nights during the Kwajalein scintil-
lation scason., C(oordinated measurements between AFE-E and the Kwajalein

radar using once of the current data scts has shown that the in-situ

bubbles correspond to l-m backscatter plumes |[Tsunoda, 1980].
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We wish to characterize these in-situ data by the SDIF of their
density perturbations. Before spectral analysis can be done, however,
it is necessary to separate the perturbation components from the slow
changes in background ion density. We have done this by using a sharp-
cutoff filter, a method which has been well proven in the analysis of

scintillation data. The use of a filter has the advantage over polynomial

N - o~ S - -3
N 1
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detrending in that preciscly where in frequency and how wmuch the SDF is
being atfected by the process are known., In practice the data are con-
verted to Llincar electron density and low-pass filtered with subsequent

subtraction of the smoothed couwponent from the original data.

The detrend cutoff frequency must be low enough to provide an ade-
quate range for determining spectral slope, yet high enough to truly
separate density trends from perturbations., A 0,02-Hz or a spatial scale
cutoff of roughly 400 km has been used in the routine numerical accumu-
lations. The same data shown in Figure 2(a) has been detrended at 0,05
Hz in PFigure 2(b). Subscquent processing consists of the Fast Fourier
Transform (FFT) calculation of the SDF of the detrended density perturba-
tions and extraction of the spectral strength and slope. The spectra are
caleulated over a time span of about 85 s. This provides adequate spec-
tral resolution between spatial scales from about 5 ka to 600 km, and
venerally assures stationarity at the detrend f{ilter cutoffs of interest.

In accumulating the statistics, each span overvlapped adjacent spans.

Finally, spectral fits to the functional form
e(f) =1, 7Pl (1)

are made by calculating the least squares fit to the smoothed, log-log
SDF between 0.1 Hz and 0.7 Hz, which is well above the detrend cutoff,
vet below the noise floor frequency for a disturbed record. Using the
least squares method forces consistency in a large number of spectral

tits that cannot be obtained by eye.

Of concern in the detrending process is the detrend filter vesponse
to the rapid density changes between the bubble walls and the quiet back-
sround layver.  Several of these transition rvegions are indicated by arrows
in Figure 2(h). The degree of ringing at these transitions depends upon
the filter cutoft frequency=--hecoming worse as the filter narrows.  To
verity that this enerpgy does not coataminste the in-situ spectra in the
stope=1it vegion, a nunber of spectra at various [ilter cutoffs have

hoen corparaed,  An example of those comparisons, for a data span in which

1L
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the transitions are particularly conspicuous, is shown in Figure 3 for

cut

cut

offs of 0.01 Hz and 0.05 Hz. At the low-frequency end the detrend

off is conspicuous, but otherwise only details of the spectra have

changed.  In the fit region the spectra are virtually unchanged, differ-

ing in slope fits by only a few percent., Thus, we feel that the effect

of

abrupt transitions on the summary statistics are negligible.

Note that the longer period detrend spectrum shows no tendency to

flatten at its lowest frequencies. This indicates that if a systematic

out

cr-scale structure size is in the density data, it is well beyond

400 km (0.02 Hz).

a b

avoid the more weakly disturbed data for which the spectral slopes,

may

The mix of quiet and disturbed regions in the density data produces

road reonge of spectral strength T varying over more than 60 dB., To

1.,
Pl)

decrease by interscction with the noise floor, we have rejected data

tor which T, « 195 dB,

200
the

Thi

l
The local time at Kwajalein tor these AE-E passes ranges between
0O LT and 0200 LT. When plotted as a tfunction of time {Figure 4(a)’,
Tl values show a systematic decline corough and beyvond local midnight,

s svstematic decline is the seneral trend expected in the nighttime

cquatorial ifonosphere troe scintillation and rvocket measurcements.  Note,
however, that these disturbance Lecels in the siedium=-to=large scale rve-
sime are still stvons at 0200 LT despite the cenceral disappearance of
L= backscatter two to three hours carlicer.  The svstenatic decline of
spectral strensth with local time raisces the question whether it is due
simply to the decline in the background density.,  In Figure 4(b) the rms
normalized perturbation, (L\/\)"l/h

, is plotted versus time, and also

shows a svstenatic decrcase throughout the cevening.  Therefore, we can

att

the

is

I'he

Lo

ributce the observed decline in spectral slope to a truce decline in

destee o turbulence over the observing window.

Fhe sccond parameter that characterizes the irregularity spectra
the slope P _Eq. (1)1 for which the distribution is shown in Figure 5.
distribaution ot slopes centers about Py = 1.9 and is skewed somewvhat

ird oven shallower values.  This mean value is very closce to that
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FIGURE 6 OBSERVED SPECTRAL SLOPE vs. SPECTRAL STRENGTH, IN-SITU
DENSITY DATA

interval., In our case, a sampling rate of 3 Hz implics a functional

dependence indicated by the dashed line in Figure 7, which differs from

the obscerved dependence.  On the other hand, the high correlation betwoeen
2.1/2

(eN)T and IL reassures the validity of the characterization of the

spectra in terms of Tl and P

Up to this point we have dealt with the two measurable parameters,
TL and P> which characterize the temporal SDF of the in-situ density
perturbation. We now wish to consider the conversion of those data to
a spatial paramcter that can be gencerally compared to other measurces of

turbulence, and, in particular, to the scintillation data of the next

section.

16
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FIGURE 7 LOG RMS IN-SITU DENSITY PERTURBATION vs. IN-SITU SPECTRAL
STRENGTH. The dashed line indicates predicted correlation for constant
spectral slope.

In the general case, the time=space conversion of the in-situ data
involves both the direction of the spacecratft and the irregularity
anisotropy.  This can be shown starting from an appropriate functional
torm of the threc-dimensional fluctuation spectrum, vog., the general
form tor the power-law SDF in three dimensions of Rino and Fremouw T19777,
Because we are investigating a spatial regime well above the inner scale,

v have chosen the simplitication of that sodel nsed by Rino 19797,
Rito :1‘)70 retains genceralized anisotropy, and ceometry; he doe-
soribes the threc=dimensional ffluctuation SDF as

'(»‘u+l) (:)

. = abC ¢
(@) 4
when no outer scale cutolt Is assumeds  The terms, a and b, describe the
anisotropy of the densitv irvegularities and are the axial ratios alone
and across the masnetic ticld, respectively,

3/2

) e ?
¢ = 8. LN q;v I CVEE 0 WAAD What CURRE B (3)

17
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Lo the strongth o the three=dimensional in-situ turbulence dependent

apert Chie outor scale wace number, g , and the slope parameter, v.
)

A Rine 1979 indicated, the three dimensional autocorrcelation

| Ponction that tollows troem Eq. (2) is
¢ .\

Ko, ) = — vt B CIRO R (4) |

VOOUTTLG Ly T Y i

|

|

Poaricr transrorcation ot Bq. () with the spatial variable replaced by }

i

Pocity=tise product viclds the one=dimensional temporal SDF as an in-
Lo pross wondd o ennure it
S
- 1 5 - 4
v - 1/2 . (5)

-)"' - ) ) )
d O U S VA BN q- o+ (2 ) )

e =tiela specd s 0 s dependent apo both the probe velocity and
P i )
: Cnooaraoocslarioy andsotrepe, Prooo Rino 97950 the form oof vois
i p
, T 1
: b (L) i
P ) :
§
{
H th Do . lx‘gil)' and the matris, ¢, 1y derived from the ‘
ool d T Pavity - od b that Rino and Fromome (19777 discuss,
it 1l HERE Lo oo that tor rod-iike, ticld=aligned irvresularitices
! o by b, o, Uhe ot =diasonal terssoor Coare cero, Farthoermore,
crob ctrepie drre cularitico s tao = D) the three diavonal terms are unity,
, L i bople the proie Lpead,
b
v ol b we e o o d tro the onter seale cutorr, Eg. (D)
o . o e anabocons Lo EgL o), used Lo characterise the
I SRR |
L= t2u-1)
Loy o= (7)
p 1
' .
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C. T(v - 1/2)
T. = 57 1 — . (8)
4:¢°T(v + 1/2) vp(2x/vp)h

Note from Eq. (7) that the slope paramcters relate as

p1 + 1

voE s (9)

Egs. (7) and (8) concisely relate the temporal SDF measurables, Tl

and p to the three-dimensional spatial turbulence level for gencralized

1’
anisotropy and geometry. In applying the measured spectral characters
istics to calculate the strength of turbulence via Egs. (7) and (8), we
have chosen to use the measured values of spectral strength 1‘l with a
functional dependence of slope, pl(log Tl), based on the least squares
fit illustrated in Figurce 0. The resulting distribution of CS, based on
the in-situ measurements, i1s shown in Figurce 8(a). The distribution is
broadened from that of Tl, primarily f{rom the nonconstant slope which
has been used, and sccondarily from the variation in satellite dircection,

and, theretore, Vp trom orbit to orbit.

More instructive is the dependence of spectral slope, P> on Cq as
shown in Figurce 8(b). The decrease of spectral slope with increasing
turbulence strength is again clear; there is an overall decreasce of
about unity slope between 2.5 and 1.5 over about 00 dB of increase in Cq.
Because the dircction of AE-E is primarily magnetic west-cast at Kwaja-
lein, Figure 8(b) changes little with the choice of anisotropy model.
From isotropic to L0O00:1 or cven nonrod models, the Cq values change by
only a few percent, and the dependence of slope upon Cq indicated by the

least squares it remains virtually unchanged,

To summarize the in-situ data, we obscrve a decrease in the degree
of turbulence with time over the cevening hours {rom 2000 LT to 0200 LT.
The spectral index o the density perturbations show an arithmetic mean
very close to that obscerved by others o When we plot the spectral index
a tunction of spectral strength of threce-dimensional turbulence, however,

woe observe a systematic decrease in spectral slope with increasing

turbulence.
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IIT SCINTILLATION ANALYSIS AND RESULTS

During the same peviod that the AE-E data, just described, were
collected, the DNA Wideband system (Fremouw ot al., 1977) was operating
at Kwajalein., The scintillation season at Kwajalein is centeved about
local summer, and shovs a considerable degree of variability from week
to week, During the late-July/early-August 1978 period of interest, the
overall scintillation was moderate to strong. Considerably more severc
scintillation has been observed at Kwajalein during other periods
:Livingston, 1980;. 0! the satellite data collected daily, nine night-
time passes were Jdisturbed and form the data basce for the folloving dis-
cussion. These were collected between about 1130 UT and 1399 Jr (1390 LT

to QL00 LT), thereby overlapping the AE-E observations.

Fremous et al. _1978) roview the analysis applied to the Wideband
data. Inm drict, the phase coherent system allows measurement of signal
intensitv and phase at several VHF through L-band frequencies. A sharp
cutoft riltev at 10 5 is used to separate the rapid phase components
troo the slowly chanzing background.,  This scintillation component is
subsequently processed in 20-s5 bHlocks.  Included in this processing is
the computation of phase spectral density functions at 137 Mz and
373 Mz, which are least squaves it over a sclected {reguency vange to
the Yo

=(f) =71 7P , (10)

analozons to the AE-E processing :Hq. (1) ].

Rino (19749 has Jemonstrated aad discussed the consisteney of the

phasc spectral parancters botween VHE, UHF, and L-band f{requencies., In
)

particular, he shows that p is independent of frequency, and that T =

when the small correction for linite reference freguency is included.
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Both of these items indicate that diffraction effccts arce probably neuli-

«ible in the phasce spectra,

In Figure 9 we demonstrate that same consistency for the nuch
smaller current data set, where p is plotted versus the S,4 intensity
scintillation index. Least square {its to the data are indicated for
137 MHz and 378 MHz. In general, the agreement between the slopes at
the two frequencies as a function of S4 is excellent.  Given this con-
sistency, and to simplify discussion, we will prescent only the 137-MHz
data in what tollows. Similar analysis for the 378-MHz phase scintilla-

tion has produced quantitatively cquivalent rvesules,

In Figure 9, for the low §,. weakly disturbed data, the phase slopes
oy
are rlattened by intersection with the spectral noisce rfloor., At the high
5., stronger scatter end, the phase slopes also decline; this offect is
3

wore conspicuous in these data than in the larger data set analyzoed by

Rino _1979°. Rino (1979 atcribuced this offect to diffraction-produced.

rapidly changing steep phase fronts, which drive the SDF dependence
7

toward I 7. In light of the AE-E data, however, this trend appears to

reflect a consistent charactervistic of the in-situ irrecularities

As was the case for the in-situ data, the patchy nature of the
cquatorial disturbance produces a spread distribution of the observed
scintillation strenzth,  To climinate the weak scatter disturbances,
wo have sorted the data according to S4 index, climinating points with
5, « U.+ tor which the derived phase spectral slopes may be biased by

=4
noise.  With this criterion applied, we get the distributions of spectral

strength T and slope p illustrated in Figure 10.  The wmean valuce of

slope here is ~ 204, only slightly smaller tiom the value that Rino [1979°
tound. Howcever, it is considerably lower than the nominal p = 3 that
Crane _1976% reported.  In Figure L1 the observed phase scintillation
slopes are plotted versus spectral strength to produce a counterpart to
Figure o ot the in-situ data. Iere, as in the other data we [ind a

systematic decerease in spectral slope with increasing turbulence level,

The conversion of these data to three dimensional turbulence strength,

C , provides a means of dircct comparison to those derived in situ,
S

22
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FIGURE 11 PHASE SPECTRAL SLOPE vs. SPECTRAL
STRENGTH T AT 137 MH/

In the phase scintillation case, the in-situ spectral form, Eq. (2) can
be related to the SDFF of phase using the phase-screen model, as done by
Rino _19797, Analvtically, an appropriate form [or the three-dimensional
autocorrelation tunction (ACF) is established, from which the two-
dimensional toemporal ACEF is derived.  The spatial/temporal conversion
involves the relative drift or the medium across the propagation path,
trowm source wotion or irresolarity dreilt.  The resulting temporal ACF

of observed phase i1s:

n

S = e ) (b
{ + t
O
whoere t i the torporal outer scale defined as = (v ..q /21), and
o (8} celff o
I', the spectral strencsth, is detined as
Vo - RN
| S O P SR | (;(:. 7'\+‘1(J) \/"f[‘-\ L . (1.2)
) RN AR EVEE At N

In kEq. (12), r is the classical electron radius, A is the radio wave-
o

lengthy 1. is the equivalent layer thickness, and 8 is the zenith angle




O propazation throagh the laver, G and o 0 are geometvical factors
ol
that can change throaghout a Wideband satellite pass. G retflects the
disturbance enhancement poodaced by cohovenat propazation, c.g., along
the Loy axis of an extended ivresulavity, while v 't aeeoals fos the
o
spatiat-temporal conversion at the fonospheric penctration poing, b=
cause v depends upon the propagation direction with respect to the
N
principal ivreegulavity axis, 1t is also> hichly dependent upon the choson

aunisatropy aoldel,

Rewriting Eq. (LL) tor Vrequencios well below the cutor soale i

A4 torm bor the phase SDE similar o Eq. (D)

Sy = T . ol

Compavison with Eg. (9) shows that in the phase scintillation cawoy

Lo ﬁ
J
ln Eq. (12), theretosey we have a means o oconvert the caorred i

as o done with the in-

and p Lo three=dimeasional Cuavonlent steengath O
~

P

situ data. As o the in-situ analyvsis, the measnced values of L ohave
boon asod to caleulate O uasing an expression tos slopey po(loy )y, de-
=

rived trom the least-squaves Uit o) Pigore L. For indtial coaparisons

wo o have assuaced av equivalent O0-ka thick, unitoa Llaver centeved at

O K, and 1031 iveeantarity rod models Note, tros Eq. (12), that €

ix Lincarly dependent upon the taver thickness L. Mocover, tor the vod-
Like wodel, the drreanlarity anisotropy strongly attects the O caleula-
9

tion throash the tern only at low axial ratios.  Bevond a - 1O the

el
ctrect saturates rapidly pecaase ot the north-south, neavly ficld-aligned
divection of satellite travels I we cestrict oarselves then, to rad-

iled fvreeaulavitios and vealistic Laver thickaesses and heiphts, the

value ot € can be shitted only some tow JB.

he phase scintillation-implicd Jdistribution of ¢ is shown in

Fivore L2yva). Lt is of rouphly the same magnitude as the ia-situ iwplicd
Codata, but of quite difrerent shape. 1t can be arpued that the dif-

terent distribution shapes ave consistent with the probe and propagadcion

20
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geometries, The probe, travelling west to cast, encounters multiple
plumes varying in strength and internal structure., Over the thirteen
orbits used here, cach covering over 3000 km, an approximately uniform

sampling is expected. Wideband, on the other hand, in its rapid (15 min)

north-to-south scan tends to sample fewer plumes, and when it does,
probes the long and more consistently structured axis of the disturbance.
The conversion from T to Cq also produces Figure 12(b), in which the
measured phase SDF slopes are plbttod versus C . The deercase of p with

. increasing C is clear, as it was with the in-sicu data.
S
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IV DISCUSSION

The in-situ and phase scintillation perturbation strengths have
been cxpressed in terms of CS, a common measure from which the geometry,
scale size and anisotropy dependences have been removed. 1In Figure 13
the least squares estimates and their rms errors from the in-situ and
phase data of Figures 8 and 12 are superimposed. The slopes of the
least-squares fits pl(log CS) and p(log CS) differ only by a few percent.
The agreement between these results from two very different experiments
is important. 1t firmly demonstrates that a constant rate of decrease
in the in-situ spectral index with increasing turbulence strength, is a

consistent property of medium-scale spread-F irregularities.
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FIGURE 13 COMPARISON OF AE-F ONE-DIMENSIONAL AND WIDEBAND
TWO-DIMENSIONAL SPECTRAL SLOPES vs. THREE-DIMENSIONAL
TURBULENT STRENGTH
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The theoretical considerations of Sections II and III indicate that
the in-situ and scintillation phase slopes should differ by unity. We
observe instead a consistent slope behavior for both measurements, sepa-
rated by about 0.6, There are a number of reasons that may contribute
to this discrepancy. An overall decrease in the phase spectral index
may occur because of spatial smearing along the propagation path.
Diffraction effects in phase, ignored here, may be present. Alternatively,
the three-dimensional spectral model and the model parameters we have
chosen can be questioned. A basic step in the long accepted theory
relating the spatial autocorrelation function of density to that of phase
is that the structure decorrelation scale is small compared to the con-
tributing layer thickness., 1If this criterion is not satisfied, the
assumption of unity separation of the phase and Py + 2 in-situ slope may

be incorrect.

It might also be argued that the in-situ and scintillation data
sets, in terms of the details of these slopes, are for come reason not
generally comparable. This could be a result of the very different
orbital directions of the two satellites. More likely it may be due to
the spatial separations in latitude, longitude and altitude between the
regions probed by the two experiments, For example, although the in-situ
and phase CS distributions roughly overlay, it is conceivable that the
scintillation data is dominated by more strongly perturbed and more

shallowly sloped structure at altitudes not sampled by AE-E.

Resolution of these spectral slope questions may lie in the large
volumes of scintillation and in-situ data which already exist., Further-

more, systematic comparisons of these larger data sets may help explain

the decrease of spectral slope with the increasing level of turbulence.
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